A heterotrophic bacterium has been isolated which can use thiocyanate as its sole source of cellular nitrogen and also sulphur; ammonium ions inhibit the utilization of thiocyanate. It can utilize both phenol and thiocyanate simultaneously; it is a pseudomonad and is most similar to Pseudomonas stutzeri.
INTRODUCTION
The biodegradation of the thiocyanate ion, especially in biological effluent-treatment systems, is usually considered to be due to the action of autotrophs as, for example, the Thiobacillus described by Happold, Johnstone, Rogers & Youatt (1954) . It occurred to us that there might well be organisms growing heterotrophically which were capable of using thiocyanate as their source of cellular nitrogen and also, perhaps, sulphur. This paper reports the isolation of such an organism.
METHODS

Chemicals.
All chemicals were either of AnalaR or the purest commercial grade obtainable from British Drug Houses Ltd., Poole, Dorset.
Media. The mineral-salts medium contained (g. Isolation and maintenance of the organism. The organism was isolated by plating out, on to solid Thiobacillus-enrichment medium, a sample taken from an activatedsludge tank treating primarily NH4SCN. After overnight incubation at 30" eight different colonial types were observed, which were individually transferred on succinate + thiocyanate + mineral-salts agar. Only one of these eight organisms had grown (1953).
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well after overnight incubation at 30". An individual colony from this plate was used to inoculate a liquid succinate + thiocyanate + mineral-salts medium and the culture was shaken at 30" overnight. Good growth resulted which was coupled with the disappearance of thiocyanate ; the culture obtained was morphologically homogeneous.
The organism was maintained by subculturing on to both nutrient-agar and succinate + thiocyanate + mineral-salts agar. Growth studies were always performed in 500 ml. Erlenmeyer flasks containing IOO ml. medium; these were shaken at 150 rev./ min. in an orbital incubator at 30". Analytical methods. All turbidimetric or spectrophotometric assays were done with a Unicam SP. 600 with cuvettes with a I cm. light-path.
The extinction, at 450 mp, of undiluted samples of culture medium was used as a measurement of growth.
Thiocyanate was estimated by adding to a 0.5 ml. sample, 0.5 ml.5 N-nitric acid, 9.5 ml. distilled water and 0.5 ml. 10% (w/v) iron (111) nitrate; in the corresponding control the iron(II1) nitrate was replaced by an equal volume of water. The extinction of the final colour was read at 410 mp.
Phenol was estimated by the 4-aminophenazone method of Shaw (1951) . Sulphate was determined by the barium chloranilate method of Bertolacini &
Nessler reagent was used to assay ammonia. Diagnostic tests. The tests used to identify the organism were the same as those described by Stanier, Palleroni & Doudoroff (1966) , except that the number of flagella was determined from electron-micrographs of the whole organism.
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RESULTS
Characters of the organism
The isolated organism was a Gram-negative unicellular straight rod (measuring 1.0 , u x 0.8 p), motile by means of one to eight flagella at one pole of the organism. It gave a very rapid positive result in the oxidase test and utilized denitrification as an anaerobic respiratory mechanism. Besides succinate and phenol (catechol is not cleaved by the meta-mechanism) it grew with either glucose, maltose or glycollate as the sole source of carbon and energy; starch was hydrolysed, gelatin was not. No growth took place on nutrient agar at 4" over a period of ten days; growth was good at 41".
Pigment was not produced under any conditions of growth tried, even when cultured on both of the complex media (A and B) designed by King, Ward & Raney (1954) to detect the two commonestltypes of pigments produced by pseudomonads. On medium B it exhibited the unusual colony structure which has been used to distinguish Pseudomonas stutzeri (van Niel & Allen, 1952) : both the rough, wrinkled, dry and coherent form together with the smooth colonial variants were readily observed, from either a single rough or a single smooth parent colony.
Growth studies with thiocyanate
In either a phenol or succinate + mineral-salts medium the organism used thiocyanate or ammonium ion as sole source of cellular nitrogen. Growth of the organism and disappearance during growth of both phenol and thiocyanate is shown in Fig. I ammonium ions were detected in the culture filtrate towards the end of the growth cycle. At the usual concentration of the carbon and energy sources used, 3 mM-thiocyanate was sufhcient for maximal growth. Whenever the carbon and energy source was exhausted in the presence of excess thiocyanate growth stopped abruptly and the concentration of thiocyanate ceased to decrease.
When thiocyanate and ammonium ions were present together in the growth medium thiocyanate degradation did not occur until the ammonium ions were nearly used up (Fig. 2) . Addition of ammonium ions to a culture growing with thiocyanate inhibited the further utilization of this compound though this effect did not appear to be instantaneous.
No intra-or extra-cellular sulphur was produced, nor was sulphide detected, during growth with thiocyanate as the sole source of nitrogen. The sulphate concentration of the medium increased during growth with thiocyanate acting as the sole source of added sulphur as well as of nitrogen; when ammonium ions were added to such a medium growth was markedly inhibited (Fig. 3 ).
DISCUSSION
The organism described in this paper fits the definition of a pseudomonad given by Another feature is the ability of our organism to metabolize thiocyanate, for thiocyanate degradation is usually considered to be due entirely to the activities of certain thiobacilli. One of the ' Thiobacillus ' strains (no. 5C) isolated by Hutchinson, Johnstone & White (1965) was stated to be very similar to Pseudomonas stutzeri though no data on the similarity were given. Our organism, though growing readily in media suitable for non-exacting heterotrophs, has never been cultured autotrophically and, in our hands, has never utilized thiocyanate as a sole source of energy.
Thiocyanate was readily shown to be a sole source of nitrogen; it was not so straightforward to demonstrate that it could be the sole source of sulphur. Sulphate-free media are not easy to prepare because traces of sulphate were present in most of the chemicals used. Furthermore, since sulphate is produced during thiocyanate utilization some sulphate was always carried over with the inocula used in the growth experiments. The organism did grow, though after a much longer lag, as well in the ' sulphate-free' media as in media containing added sulphate.
The marked inhibition of growth in ' sulphate-free' media caused by the addition of ammonium ions could be due to their inhibition of thiocyanate utilization which would effectively cut the supply of sulphur. That ammonium ions do repress thiocyanate utilization suggests that they lie on the pathway of nitrogen assimilation from thiocyanate. The ability of the organism to metabolize phenol and thiocyanate simultaneously makes it potentially very useful in the biological treatment of effluents containing such compounds. The removal of both these compounds in a one-stage process is not
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usually efficiently achieved, yet this organism grew in a medium containing 8 mMphenol + 4 mM-thiocyanate, both of which disappeared during growth. A prior removal of ammonia from liquors to be treated by such organisms would, however, be necessary.
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